Study design: Population-based prospective study. Objectives: To determine the incidence and evaluate the characteristics of newly injured patients with traumatic spinal cord injury (TSCI) admitted to two of the three national spinal cord injury (SCI) centers during the first year after the centralization of SCI care in Finland. Setting: Oulu and Tampere University Hospital SCI centers, Finland. Methods: The designated rehabilitation teams evaluated all of the patients with a new SCI and persisting neurological symptoms. The data were recorded according to the International Spinal Cord Injury Core Data Set. Results In a 1-year period, 77 new patients with TSCI were admitted to the study centers serving a population of 3 065 946. In the whole catchment area, the mean annual incidence of TSCI was 25.1 per million, and in the hospital districts of the SCI centers, the incidence was even higher, at 38.1 per million. The mean age of the patients was 58.7 years. Falls were the leading cause of injury (64.9%), and the injury resulted in tetraplegia in 70.1% of the cases. Alcohol use was a contributing factor in 39% of the cases in the entire sample and in 58.6% of cases among patients aged younger than 60 years. Conclusion The incidence rates of TSCI were markedly higher than expected, demonstrating the previously hidden morbidity. The epidemiological features of TSCI appeared to follow the trends in developed countries, highlighting the increasing incidence of cervical lesions due to falling among the elderly. The results need to be confirmed in an extended follow-up.
INTRODUCTION
Finland is a quite large and relatively sparsely populated Nordic country (303 891 km 2 , 5.4 million inhabitants), and its health care system is primarily public and financed by taxes. Traffic and occupational injuries are covered by the private insurance system, but the acute phase of severe injuries such as spinal cord injuries (SCIs) is always treated in public hospitals. Previously, the acute care and possible surgical management of new patients with SCI in Finland was divided into 21 different hospital districts responsible for organizing the specialized medical care. After acute care, some SCI patients, primarily those of the working-age, were referred to the private Käpylä Rehabilitation Centre. The rehabilitation of the remaining patients was performed primarily in the rehabilitation units of local hospitals or health centers with variable resources and protocols. In addition, depending on the area of Finland, there are wide variations in organizing the life-long follow-up, varying from follow-up at multidisciplinary SCI outpatient clinics to non-existent follow-up.
Internationally specialized SCI centers have been established to improve the care and recovery of the patients with SCI. Integrated multidisciplinary specialized SCI centers are supported by the tentative research data and expert panel recommendations to decrease the length of stay, overall mortality, and number and severity of complications. 1, 2 To alter the heterogeneous and fragmented situation of SCI care in Finland, the patient organization has stressed the need to follow international recommendations to centralize SCI care in integrated multidisciplinary SCI units with adequate resources. After years of effort, the new Health Care Act also contained a decree to centralize highly specialized medical care, including SCI care. 3 The decree took effect on 1 May 2011. The acute care, subacute rehabilitation and lifelong follow-up of patients with SCI were centralized into three University Hospitals (UHs): Helsinki, Oulu and Tampere. A national SCI care advisory board, containing representatives from all five university hospitals and a patient organization, was established to guide the practical execution of the decree.
After the decree of centralization was issued, the epidemiology of SCI was of great importance in organizing the service and allocating the facilities and other resources in the SCI centers. However, there is no SCI registry in Finland, and only one report about the incidence of traumatic SCI (TSCI) was published in the past two decades. Ahoniemi et al. 4 reported an annual incidence rate of 13.8 per million in the population aged 16 years or older based on the data from the records of Käpylä Rehabilitation Centre over the period between 1976 and 2005. Studies from other Nordic countries have reported an annual incidence of TSCI reaching 9.2 per million inhabitants per year in Denmark, 5 19.5 in the greater Stockholm region in Sweden, 6 26.3 in western Norway 7 and 33.5 in Iceland. 8 The aim of this study was to obtain population-based epidemiological and outcome data for medical care and follow-up planning as well as for preventive initiatives. Furthermore, our intention was to monitor the implementation of centralized care throughout the catchment areas.
MATERIALS AND METHODS Design
The study was a prospective 1-year population-based epidemiological study in two of the three newly appointed SCI centers in Finland, which covered 3 065 946 (56.5% of the population) individuals in all age groups during the study period. All patients with SCI caused by an external force were included in this study. Patients with non-traumatic etiologies were excluded.
Both the Oulu and Tampere UHs have previously provided general neurorehabilitation and used outpatient follow-up clinics for SCI patients for many years. These resources have now been increased, although Käpylä Rehabilitation Centre is still being used for some selected patients after the acute period and following evaluation in SCI centers. These rehabilitation periods were included in the study. The study areas and population are described in Figure 1 .
Evaluation of new SCI patients admitted to these centers according to the International Spinal Cord Society (ISCoS) Core Data Set principles started in Tampere UH on 1 January 2012 and in Oulu UH on 1 May 2012. The results of the first year after starting the protocol are presented; Tampere UH: 1 Figure 1 Finland is divided into 20 hospital districts in the mainland and one on the autonomous Å land Islands. The districts are responsible for specialized health care (tertiary care) and are municipality financed and governed. Five of these hospital districts are university hospital districts supporting the central hospital districts in their region and also providing government-defined highly specialized medical care. Spinal cord injury care is centralized in the university hospitals in Helsinki (HUCH), Oulu (OUH) and Tampere (TAUH). Following institutional and governmental regulations, study approval was obtained from both the UH administrations. Ethics committee approval was not required, as all data were collected during the standard practice.
Subjects and procedure
In both SCI centers, a multidisciplinary SCI rehabilitation team is routinely informed of all patients admitted to the hospital with a new SCI and persisting neurological symptoms, regardless of the cause, level or completeness of injury. However, this practice does not apply to patients with progressive neurological diseases, such as multiple sclerosis or amyotrophic lateral sclerosis. The consultant specialist physician of the SCI unit with the support of rehabilitation team performs the clinical evaluation and assessment to plan and initiate the rehabilitation and follow-up program.
The Oulu and Tampere UHs are the only trauma, intensive care, neurosurgery and spine surgery units in their own hospital districts, serving a population of 400 959 in Oulu and 518 157 in Tampere ( Figure 1 ). Thus, all newly injured SCI patients in these hospital districts should come to the attention of these SCI centers. When considering the entire catchment area of SCI centers, there are several trauma and intensive care units, and referral to the SCI centers is less certain.
Collection of clinical data
The International Standards for Neurological Classification of Spinal Cord Injury 9 were used to evaluate and classify the neurological consequence of SCI, and epidemiological characteristics were collected and classified using the International SCI Core Data Set. 10 In addition, the ability to move at the time of discharge was classified into six categories, and the influence of alcohol at the time of the injury was retrospectively recorded from the medical records.
Statistical analyses
The incremental number of TSCI cases in all age groups and their clinical features over a consecutive 12-month follow-up period are reported in this article. Data were analyzed as a whole, but further comparisons were also drawn with regard to age and hospital district. Continuous variables are presented as the mean, (s.d.) and median (range). The Mann-Whitney test was used to calculate the differences between patient groups. For categorical variables, the number and percentage are shown, and the differences between groups were examined by Fischer's exact test. Statistical significance was set at Po0.05. Incidence rates were calculated using the population on 31 December 2012 according to the Official Statistics of Finland. 11 SPSS version 20.0 (IBM, Armonk, NY, USA) was used to perform all of the statistical analyses.
RESULTS

Incidence
The incidence of TSCI is shown in Table 1 . In the 1-year period, 77 new patients with TSCI were admitted to the Oulu and Tampere UH SCI centers. Of those patients, 35 were residents of the Tampere and Oulu UH's own hospital districts and 42 were referred from other hospital districts in the catchment area of the SCI centers. The annual incidence of TSCI patients in the entire catchment area was 25.1 per million, and that in the age group over 16 years was 29.8 per million in the subgroup population of 2 516 942 people. In the hospital districts of the Oulu and Tampere UHs with integrated trauma and SCI centers, the incidence was 38.1 per million inhabitants, and in the age group over 16 years, the incidence was 46.0 per million in the subgroup population of 739 338 people. There were only two cases of TSCI in the age group under 16 years presenting incidence of 3.6 per million in the population of 549 004.
Characteristics of TSCIs
The epidemiological characteristics of the TSCI patients, the treatment periods, the outcomes and the comparisons between groups are shown in Table 2 . Of all TSCI patients, 52 were male and 25 were female, giving a male-to-female ratio 2.1/1. The mean age at injury was 58.7 years, and falls were the leading cause of injury (64.9%), followed by transportation accidents (18.2%). The injury resulted in tetraplegia in 70.1% of cases and paraplegia in 29.9%. The place of discharge was most often a private residence, and 44.6% of the patients were able to walk without or with equipment at the time of discharge. The distributions of the place of discharge and the ability to move at the time of discharge differed significantly when comparing patients from the Oulu and Tampere UH's own hospital districts with patients referred from other hospital districts. The patients from Oulu and Tampere UH's own hospital districts were mainly discharged directly to the private residence (71.4%), whereas other hospital was the most prevalent place of discharge for the group of patients from other hospital districts (45.2%). In the same study groups, the proportions of patients able to walk without assistive devices at the time of discharge were 45.5% and 17.1%, respectively.
Effect of age on injury characteristics
Of the patients with TSCI, 29 individuals were younger than 60 years and 48 were X60 years of age giving the incidence of 12.9 per million and 58.3 per million in the populations of 2242 163 and 823 783, respectively. (Table 2) The male-to-female ratio was higher among the younger age group (2.6/1) than in the older (1.8/1). In relation to the etiology of injury, the neurological level of injury, the total days hospitalized and the place of discharge, there was a statistically significant difference between patient groups by age. In the patient group X60 years of age, 85.4% were injured by falling, whereas among younger patients, transportation comprised 37.9% and falls 31.0% of the external causes of injury. In the older age group, 81.3% were tetraplegic, whereas in the younger age group, the distribution between tetra-and paraplegia was even. In the age group X60 years of age among the patients with tetraplegia, 72.2% had a high cervical neurological lesion (C1-C4). In the group of patients o60 years of age, 79.3% of the subjects were discharged home or to another private residence; in the age group X60 years, 37.5% were discharged to a private residence and 45.8% to another hospital. In addition, the patient groups exhibited statistically significant differences regarding alcohol consumption before the injury (P ¼ 0.013). In the group of younger patients, 58.7% were injured under the influence of alcohol, whereas in the age group X60 years, the figure was 27.1%. The peak days for occurrence in the younger group of patients were Friday to Sunday, during which over 70% of the injuries took place (Figure 2 ).
DISCUSSION
The first year of centralized spinal cord care in Finland revealed a significantly higher incidence of TSCIs than expected, demonstrating Abbreviations: ASIA, American Spinal Injury Association; AIS, ASIA Impairment Scale; AIS A, motor-sensory complete; AIS B, motor complete-sensory incomplete; AIS C-D, motor-sensory incomplete; AIS E, normal examination; ICU, intensive care unit; TSCI, traumatic spinal cord injury UH, University Hospital.
Comparisons between patient groups according to the hospital district and age. P-values o0.05 in bold and underlined.
the previously hidden morbidity. The annual incidence of TSCI in the entire catchment area was 25.1 per million; in the UH districts with integrated trauma and SCI centers, the incidence exceeded this, being 38.1 per million. The incidences in the population over 16 years were 29.8 and 46.0, respectively, being two-to threefold greater than that reported in a previous study from Finland, in which the incidence in this age group was 13.8 per million. 4 When observing all age groups, the numbers in the entire catchment area are comparable to those in recent retrospective incidence reports from Norway and Iceland, at 26.3 and 33.5 per million inhabitants, respectively. 7, 8 In addition, the incidence found in our study corresponds very well with the recently reported TSCI incidence estimate for Finland of 24.8 per million, which was based on a population-based regression model. 12 The incidence of TSCI in the hospital districts with integrated trauma and SCI centers, at 38.1 per million inhabitants, approaches the average incidence of 40 per million reported in the United States 13 and the recently published incidence estimate of 41 per million for Canada. 14 The incidence in the hospital districts with SCI centers was twice as high as the incidence in the other hospital districts, at 19.6 cases per million, which referred patients to the study centers. There are some differences in the demographic characteristics of the populations, for example, the proportion of urban residents in the hospital districts. However, the most likely reasons behind the differences in the incidence are the incompleteness of centralized care and the more precise screening of acute trauma patients in SCI centers. These assumptions are supported by the slight, although not significant, difference in the ASIA Impairment Scale distribution and the lower proportion of independent walkers at discharge of the patients referred from other hospital districts. Most likely, the increasing awareness of spinal injuries among hospital staff and the systematic screening of new patients suspected of having SCI in established SCI centers has enhanced the identification of SCIs, particularly among patients with milder manifestations, revealing the hidden morbidity. Regardless of the decree of centralization, some patients from other hospitals may not have been referred to the SCI centers, for example, due to advanced age or minor motor disabilities. Differing procedures between SCI centers and other hospitals result in different distributions of injury severity indicators, such as ASIA Impairment Scale and walking ability, and are also reflected in the place of discharge. The same reasons are those that are most likely behind the difference between our results and the previous report of Käpylä Rehabilitation Centre. 4 This hypothesis is also supported by our present finding of the increase in the mean age of occurrence from 42 years in a previous study 4 to 58.7 years in our study.
Although the change in the mean age may in part reflect the differences in the selected study samples, the recent literature has also shown an increasing age at injury as well as an increasing proportion of cervical injuries and injuries due to falls. 8, 13, 15, 16 A similar tendency has been observed in Finland in recent decades. 4, 17 In our entire TSCI cohort, 64.9% of the patients were injured by falling and 70.1% were tetraplegic, supporting the trends reported in previous studies. Moreover, in the age group X60 years in our study, over 80% of the patients were tetraplegic, and the number of upper cervical injuries (C1-C4) was almost threefold the number of lower cervical lesions. A similar tendency toward cervical injuries above C5 after the sixth decade has been detected previously. 16, 18 Interestingly, in our study, 85.4% of the patients 60 years of age or older were injured by falling, whereas patients under 60 years of age were primarily injured either in transportation accidents or by falling, which have traditionally been the main mechanisms of injury in the developed countries. [19] [20] [21] The increasing age-adjusted incidence of fall-induced fracture-associated spinal injuries in elderly persons has been observed previously in Finland. 17 Together with the aging of the population, this will challenge the health and support services, and older patients also have an increased frequency of complications and poorer prognosis. 22 As an illustration of the challenge, the place of discharge differed between the age groups in our study despite equivalence in the completeness of injuries and in the ability to move at the time of discharge from the SCI center. Almost 80% of the patients aged younger than 60 years were discharged home directly after treatment in an SCI center, whereas 45.8% of the patients aged 60 years or older required a subsequent stay in another hospital before discharge home or to an assisted living residence. These findings emphasize the definitive need to target preventive measures against falls in elderly people.
In the younger patient groups, one of the key prevention areas should consider certain activities, such as driving and swimming, under the influence of alcohol. In our study, almost two-thirds of the patients younger than 60 years were injured under the influence of alcohol. When considering the entire sample, 39% of the injuries were contributed by alcohol use. This is a similar proportion to that previously reported in Estonia, 23 whereas a study from the USA has reported the presence of alcohol to be a contributing factor to injury in nearly 50% of cases tested. 24 In addition, patients younger than 60 years of age were injured more often during weekends, most likely reflecting the prevailing binge drinking habits in Finland. 25 The definitive strength of this study is the systematic clinical evaluation of all the new SCI patients according to the International SCI Core Data Set by specialist rehabilitation doctors working in SCI units. This practice both minimizes the risk of false-positive cases and leads to a low likelihood of missing cases, particularly in hospital districts with integrated trauma and SCI centers, as patients with milder injuries are also examined by specialists in the field. Although data from the Helsinki University Central Hospital were not available, the conduct of the study in two of the three SCI centers in Finland provides a good national coverage.
The major limitation of this study is the short 1-year study period. Therefore, a further follow-up to confirm the findings is necessary. Second, our data were based on the individuals admitted to the hospital and patients who died at the scene of the accident were not included, and this needs to be explored separately in the future. Thus, the incidence found in this study most likely represents the lower limit of the TSCI incidence.
Centralization of care resulted in a comprehensive SCI patient sample in the hospital districts with SCI centers, although centralization needs to be promoted in other hospital districts. The incidence rates of TSCI were surprisingly high, indicating the previously hidden morbidity. The epidemiological features of TSCI follow the trends of other developed countries, emphasizing the need to target prevention strategies toward fall prevention in the elderly and alcohol-related injuries in the younger population. The results need to be confirmed over an extended study period. The national SCI register is currently under development and will hopefully aid future follow-up of the epidemiology and development of patient care.
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